Abstract In order to understand the role of wild bees in both social and ecological systems, we conducted a quantitative and qualitative review of publications dealing with wild bees and the benefits they provide in social contexts. We classified publications according to several attributes such as services and benefits derived from wild bees, types of bee-human interactions, recipients of direct benefits, social contexts where wild bees are found, and sources of changes to the bee-human system. We found that most of the services and benefits from wild bees are related to food, medicine, and pollination. We also found that wild bees directly provide benefits to communities to a greater extent than individuals. In the social contexts where they are found, wild bees occupy a central role. Several drivers of change affect bee-human systems, ranging from environmental to political drivers. These are the areas where we recommend making interventions for conserving the bee-human system.
INTRODUCTION
Worldwide, wild bees along with managed honeybees are the main and most economically important group of pollinators (Kremen et al. 2007) . Among other biotic pollinating agents, bees are the most effective because of their high flower reliability and flower constancy (Roubik 1995; Garibaldi et al. 2013; Rader et al. 2016) . This means that bees actively seek out flowers and are able to identify even in diverse settings the exact species they prefer to visit. Reported declines in bees have raised an alarm over their conservation (Biesmeijer et al. 2006; Goulson et al. 2008; Potts et al. 2010) . The decline seems to be multi-causal and driven by human activities such as deforestation and landuse change, pesticide use in agricultural lands, pathogens and parasites, bee keeping practices, and-more recentlyclimatic change (Roubik 1995; Le Conte and Navajas 2008; Oldroyd and Nanork 2009; González-Varo et al. 2013) . Initially the focus has been primarily on managed honeybees as they were regarded as the economically more important pollinators (Southwick and Southwick 1992; Morse and Calderone 2000; Allsopp et al. 2008 as quoted in Jaffé et al. 2009; Garibaldi et al. 2013) . Feral and wild bees, however, are important because they are reservoirs of local adaptations, which are said to ultimately determine the survival of honeybees in the wild (Matheson et al. 1996 as quoted in Jaffé et al. 2009 ). Despite the impact of human activities on wild bee decline, the majority of research comprise ecological studies (e.g. Patiny et al. 2009; Winfree 2010) . Human-insect connections garner relatively little attention and a comprehensive review on wild bees interaction with humans is yet to be conducted (Watson and Stallins 2016) .
In this review paper, we aimed to understand how research is framing the role that wild bees play in socialecological systems (SES). SES are linked natural and social systems. The involvement of people in biophysical structures or processes demonstrates how SES are formed. Because of the extent of environmental impacts caused by anthropogenic activities, it is disadvantageous to ignore social systems when studying the functioning of the natural environment (Bodin and Tengö 2012) . Hence an in-depth understanding of both social and natural systems is pivotal Electronic supplementary material The online version of this article (doi:10.1007/s13280-016-0844-z) contains supplementary material, which is available to authorized users.
for improving stewardship of natural resources and ecosystem services for human well-being and sustainability (Boyd and Folke 2012) . One way of doing so is to link social and ecological components in a common framework of a systems approach . A systems approach allows for scrutiny of the way in which humans and nature, i.e. in our context wild bees, interact and the impacts that they have on each other. This would provide information on the different types of environment where wild bees occur as well as the influence humans have on them and their habitat.
We conducted a mixed quantitative and qualitative literature review targeting publications that explicitly deal with bee-human systems. It is important to establish the current state of knowledge on wild bees in social contexts in order to identify gaps and leverage points where intervention for conservation is possible and promising, and to highlight key gaps in our understanding that should be addressed by future research.
In order to examine the way in which the social dimensions of wild bees are being researched, we have four objectives in this paper. Objective one (1) is to identify trends in research around wild bees and human interactions; objective two (2) is to examine the frameworks being used to understand wild bee and human interactions; objective three (3) seeks to characterise the interactions between humans and wild bees; and objective four (4) identifies drivers of change in wild bee and human interactions.
Our review draws on literature that make elements of a SES explicit. We examined the direct benefits that wild bees provide to people, which the 2005 Millennium Ecosystem Assessment (MEA) defines as ecosystem services. Ecosystem services are derived from biophysical structures or processes through several steps of transformation in a cascade (Haines-Young and Potschin 2010) . By attributing value to a biophysical structure or process, people become involved in the transformation of biophysical structures or processes to ecosystem services (Spangenberg 2014) . As these services are co-produced by both humans and nature, it therefore has an intrinsically social-ecological character (Andersson et al. 2007; Reyers et al. 2013; Queiroz et al. 2015) . The ecosystem cascade framework of Haines-Young and Potschin (2010) is useful in analysing the ecosystem services wild bees mediate. In the ecosystem cascade framework, a function of a landscape structure or process cannot be regarded as a service unless people consider the function as a benefit (HainesYoung and Potschin 2010). The ecosystem cascade framework highlights that services go hand-in-hand with the needs of the people (Haines-Young and Potschin 2010).
We also consider the role of wild bees in livelihoods, particularly as defined by the sustainable livelihoods framework of Scoones (1998) . The sustainable livelihoods framework looks at the combination of livelihood resources (natural, economic, financial, human, or social capital) that result in certain livelihood strategies, given particular contexts and institutional processes. Sustainable livelihoods outcomes, such as poverty reduction or improvement of well-being and capabilities, are the envisaged endpoints of the framework (Scoones 1998) .
In the following methodology, we outline our approach for identifying and analysing literature. We further present our quantitative and qualitative approaches to answering our four research objectives. The results section addresses each objective in turn. In the discussion section, we argue that our results indicate that there is an increasing recognition of the interlinked nature of wild bees and humans. We conclude this review by highlighting challenges in researching bee-human systems and providing recommendations for further development of the field.
METHODOLOGY
Following the review framework of Newig and Fritsch (2009) , we conducted a thorough search of full articles through Scopus using search terms that exclude managed honeybees and studies of bees with no human interaction. This included articles published as early as 1916 until July 2015. The search string that was used can be found in Appendix S1.
The resulting number of bibliographies was 8368. We narrowed down this number by further excluding journal articles from the basic research fields, which do not investigate interactions with humans. These are the fields of astronomy, biochemistry, chemistry, engineering, genetics, molecular biology, and physics. We then reviewed the abstracts of the remaining journal articles and thereafter selected publications that contain information on wild bees and humans, leaving 71 publications that were then studied in detail. A further assessment was conducted using close reading of the articles. Only articles written in English showing wild bee-human interaction were considered, resulting in a final count of 46 publications (listed in Appendix S2) for review and coding. Most of the excluded articles treated wild bees and humans as separate entities.
Each publication was reviewed and coded based on several criteria (Table 1) . In order to understand trends in wild bee research (objective 1), we identified basic information about the paper. This included year of publication, disciplinary focus, country of origin of first authors and coauthors, and country of study. We performed descriptive statistics on each of these metrics, and generated tables and figures through R software version 3.0.2 and its packages bipartite, ggplot2, and sjPlot. Additionally, we performed inferential statistics using STATA 14.0 and MATLAB R2016b on the number of publications per year and the association of wild bee services and benefits with either the livelihood or ecosystem frameworks. For objective 2 (the frameworks for understanding interactions), we distinguished whether the research was examining human and wild bee interactions through the livelihoods framework (Scoones 1998) or the ecosystem cascade framework (Haines-Young and Potschin 2010). If no information was available the answer provided was N/A or not applicable. Descriptive statistics as well as figures and tables were generated as in objective 1.
In order to characterise the interactions between humans and wild bees (objective 3), we focused on both the way in which humans benefitted from wild bees, and the way in which human activities impacted upon the bees. Therefore, each publication was analysed based on its scale of study, wild bee-human interaction and its corresponding services or benefits, its use of livelihood, the social context where bees are found, and the direct gainer of benefits from the wild bees. Drivers of change to wild bee-human interaction were also identified from each publication (objective 4).
RESULTS

Trends in wild bee-human interaction research
The number of publications dealing with wild bees in social contexts increased between 1982 and 2015 ( Fig. 1) . We see from the figure that there were deviations in some years but, in general, there were more publications that dealt with both wild bees and humans during the last decade as compared with the previous years. We conducted a Mann-Kendall test to determine the statistical significance (a = 0.05) of the increasing number of publications per year. The tests resulted in a Kendall's tau-b of 0.589 with significance probability (p) = 0.000 (rounded to three significant digits) indicating that there is a strong positive correlation between the year of publication and the number of publications. To corroborate this result, we also ran a Spearman's rank correlation, which resulted in a Spearman's rho of 0.732 with p = 0.000 (rounded to three significant digits). These results show that there is a clear monotonic increase in publications throughout the years, but the relevant question at this point is whether this increase is compatible with an exponential law. Through a nonlinear regression test, we see that the doubling time for the amount of publications is 5.9 years with a confidence interval (95%) of 3.3-8.4 years. If this trend is sustained, thereby confirming the exponential law, this means that we are now witnessing the onset of a rapidly increasing field.
Most of the publications reviewed had their research conducted in Africa, Asia, and Latin America. Authors based in Europe conducted research only in these regions; conversely, authors from Asia, Africa, Latin America, and the Middle East conducted studies only in their own region (Fig. 2) . Authors based in North America conducted research in all other regions except Australia and the Middle East. Two publications had first authors with dual affiliations: one with Asia and Europe and another with Africa and Asia. These show that one-third of the publications had its research conducted in countries outside of the first author's region. In addition, the majority of these publications had co-authors from the country where the research was conducted. When these publications were grouped according to discipline, the majority of the publications came from the fields of ecology followed by anthropology (Fig. 3 ). There were also several medical publications and one each from the fields of economics and archaeology. Most of the benefits were identified through qualitative methodologies such as interviews, participant observation, focus group discussions, or literature review. Quantitative methodologies such as economic valuation or retrospective panel approach were also used to a limited extent. Where quantitative methodologies were used, benefits were quantified through volume or monetary value of hive products. The majority of the publications were focused on a community scale, with several publications also working on a provincial scale. Most of the studies found wild bees in forested areas, while some studies also found wild bees in agricultural land and urban areas.
Frameworks for understanding wild bee-human interactions
The livelihoods framework has been the most popular framework for understanding human interactions with wild bees. The majority (57%) of the publications reviewed used the livelihoods framework while a minority (39%) used an ecosystem cascade framework. Two of the publications did not use any framework. Despite only a small number of publications using an ecosystem cascade framework, the framework has been increasingly used in the more recent years. In fact, all of the reviewed publications in 2015 used the ecosystem cascade framework. The livelihoods framework publications mostly focused on services and benefits from wild bees as both natural and economic capital. Most of the livelihoods framework publications identified wild bees and their products such as beeswax, cerumen, honey, propolis, and royal jelly as services, which provide material benefits that can be sold in order to obtain cash income. All publications, except for two, using the livelihoods framework were case studies. Almost all (93%) of the countries of study were located in developing countries in Africa, Latin America, and Asia, except two publications that conducted studies in Australia and the Mediterranean region.
The ecosystem cascade framework publications, on the other hand, mostly dealt with service (flows) in the cascade. Wild bees and their products were the services that provided benefits in the form of food, medicine, pollination, and religious and social life. Majority (67%) of the studies were conducted in Asia and Latin America while studies conducted in the Middle East, Africa, and North America were only a minority (33%). Most of the countries of study (67%) using the ecosystem cascade framework also belong to the Group of Twenty major economies.
We conducted Fisher's exact tests to see whether there was a statistically significant relationship between services or benefits and the analytical frameworks. The Fisher's exact test for services resulted in p = 0.067 (Table 2) , while for benefits it resulted in p = 0.000 (rounded to three significant digits) ( Table 3) . The results show a statistically significant relationship at a = 0.10 between the frameworks used and the services from wild bees, but not at a = 0.05 which is the case for the benefits.
We also conducted a Pearson's Chi-squared (v 2 ) test to supplement the Fisher's exact tests, and the results for services from wild bees returned v 2 = 6.85 with three degrees of freedom and p = 0.077. The resulting contingency tables show that bees, pollen, and products were the services that contributed greatly to the v 2 (Table 2 ). For benefits from wild bees, v 2 = 19.8 with four degrees of freedom and p = 0.001 (Table 3) . Material, medicine, and food were the biggest contributors to the v 2 , which rendered the relationship with the analytical frameworks highly significant.
Characteristics of interactions between humans and wild bees
All in all, services derived from wild bees were identified as the wild bees themselves, beeswax, cerumen, honey, pollen, propolis, and royal jelly. These services provided benefits in the form of culture (religious and social life), food, material, medicine, and pollination. The livelihoods framework publications focused on honey and other bee products as services and these have provided people with food and material, which they can sell in order to have cash income (Figs. 4, 5) . Conversely, the ecosystem cascade framework publications focused on pollen and bees as services, with medicine, pollination, and culture as benefits (Figs. 4, 5) .
The majority of the publications also identified bees as central to the way of life of the people or communities involved in the studies. This assessment was based on the interaction of bees with humans. Human interaction with bees is mostly via bee product harvesting and beekeeping. Bee product harvesting mostly occurred in Africa (42%) and Asia (42%) and, to a certain extent, in Latin America (13%) and Australia (3%). Beekeeping was mostly identified in the studies conducted in Africa, Asia, and Latin America. In addition, two studies in the Mediterranean and the United States also focused on beekeeping. A few publications also identify bee product use, bee hunting, and honey trading as types of human interaction with bees (Fig. 6 ). Bee product use and bee hunting were both identified in studies conducted in India and in Argentina and Brazil, respectively.
Sources of changes to the bee-human interaction
Drivers of change to wild bee-human interaction in the publications were also identified and these were mostly socio-cultural (36%) and environmental (32%) in nature. Governance systems (24%) also drive changes to wild beehuman interaction, while economic activities (8%) have minimal influence. These drivers of change have geographical trends. Most of the socio-cultural drivers are prevalent in developing countries in Africa and Latin America. The environmental drivers of change are predominantly found in developing countries in Africa and Asia. Governance systems drive changes solely in AsiaPacific. Some of the drivers of change also have clear association with either the livelihoods or ecosystem cascade frameworks. The governance systems and economic drivers of change are all associated with the livelihoods 2017, 46:456-467 framework. The socio-cultural and environmental drivers of change, on the other hand, are associated on equal terms with both livelihoods and ecosystem cascade frameworks.
DISCUSSION
Our results show that research is framing the role of wild bees in SES as essential not only from an ecological point of view but also from a social point of view. Wild bees play a central role in social contexts in most regions of the world (Table 4) . Whether it is through bee product harvesting or beekeeping or honey trading, humans greatly benefit from interacting with wild bees especially on the level of livelihoods. This interaction, however, drives changes in the wild bee-human system. Most of the changes are driven by socio-environmental causes, which are quite apparent in Africa and Asia. In the following subsections, we discuss our results in detail and suggest how an ecosystem services perspective can support efforts for wild bee conservation.
Geographical trends of research involving wild bees and humans
Our results show that wild bee research in social contexts was mostly conducted in the regions of Africa, Asia, and Latin America. This is almost consistent with the biogeographic distribution of bees, with most taxa found in Latin America, followed by Africa and Asia (Michener 2007 ). For us, this trend also shows that direct interaction with wild bees is still prevalent in communities in Africa and Asia and, to a certain extent, in Latin America. It is, therefore, not surprising that most of the drivers of change to wild bee-human systems are mostly found in Africa, Asia, and Latin America. Some of our findings on the drivers of change have much in common with the synthesis by Brown and Paxton (2009) (2009) and Potts et al. (2010) found that habitat loss, fragmentation, and degradation have a strong effect on bee or pollinator decline worldwide while in our findings, these only come second to socio-cultural drivers. A socio-ecological approach enabled us to see how socio-cultural processes drive ecological changes by taking into consideration biophysical interactions between societies and ecosystems (Gingrich et al. 2016 ). All of the reviewed publications showed wild bees in a positive light, i.e. they bring services and benefits to humans. On the contrary, most of the changes to the wild bee-human systems were caused by human activities (Vanbergen and IPI 2013) . High-quality habitats with increased plant diversity enhance wild bee communities not just in rural but also urban areas (Le Féon et al. 2010; Banaszak-Cibicka and _ Zmihorski 2012; Kennedy et al. 2013) . If wild bee habitat loss continues to be induced by human activity, then an apparent imbalance between what wild bees provide and what humans give in return occurs.
Wild bees provide multiple ecosystem services
Analysing the publications through the lens of the livelihoods and ecosystem cascade frameworks yielded a holistic picture of the interactions between humans and wild bees. Wild bees provide a broad spectrum of ecosystem services that range from provisioning to regulating to cultural. Provisioning ecosystem services were the focus of majority of the publications reviewed, especially those that used a livelihoods framework but regulating ecosystem services were also often cited, especially in publications that used the ecosystem cascade framework. This is consistent with the Millennium Ecosystem Assessment (MEA 2005) Fig. 4 Comparison of wild bee services identified in publications that used either an ecosystem cascade (pink) or livelihoods (green) framework. Publications that used a livelihoods framework identified honey and bee products as the main services that wild bees provide. Publications that used an ecosystem cascade framework identified pollen and the bees themselves as main services between provisioning as well as regulating ecosystem services and human well-being in the form of health and basic material for good life as well as security. Cultural ecosystem services may only have a medium linkage to constituents of well-being in the MEA (2005) but they were also mentioned in some of the reviewed publications.
The livelihood and ecosystem cascade frameworks associate with different ecosystem services, but both are similar in addressing the needs of people (Scoones 1998; Haines-Young and Potschin 2010) . As our results show, the difference lies on the services and benefits identified in the ecosystem cascade framework publications not having mainstream market value, unlike those of the livelihoods framework publications. Cash income and employment play important roles in allowing ecosystem services to contribute to poverty alleviation, which is needed in the developing countries associated with the publications using the livelihoods framework (Daw et al. 2011) . Despite identifying mostly nonmarket services, ecosystem cascade framework publications were conducted in countries belonging to the 20 major economies in the world. It is in the best interest of these G-20 countries to include nonmarket services in policy decisions in order for their societies to stay within the economically optimal point for human welfare; this would require incentivising or investing in the provision of nonmarket ecosystem services (Fischer et al. 2008) . 
Beyond provisioning ecosystem services
Recognising multiple ecosystem services from wild bees to humans may prove useful in engaging actors with different interests and goals to contribute to wild bee conservation efforts (Milcu et al. 2013) . However, most of the reviewed publications only focused on provisioning ecosystem services of wild bees. In ecosystem management, if only one ecosystem service is focused on, considerable declines in the provision of other ecosystem services may occur (Bennett et al. 2009 ). One of the reviewed publications (de Carvalho et al. 2014) showed how a focus on provisioning ecosystem services led to the decline of cultural ecosystem services. Trade-offs often occur between provisioning ecosystem services and regulating or cultural ecosystem services (Meacham et al. 2016) . Trade-offs also occur between different ecosystem services and between the present and future supply of services especially when managing ecosystems for multiple ecosystem services and balancing the well-being of different stakeholders (Carpenter et al. 2006; Daw et al. 2015 ). An example in Southeast Nigeria shows how outright felling of trees could provide honey (Okoye and Agwu 2008) . However, prioritising this provisioning ecosystem service may lead to declines in biodiversity, water purification, and climate regulation if a forest is cleared (Carpenter et al. 2006) .
There is much room for recognition of other ecosystem services such as cultural or regulating ecosystem services. Carpenter et al. (2006) point out that in trade-off decisions, people often prefer to prioritise provisioning ecosystem services over cultural and regulating ecosystem services. Daniel et al. (2012) highlight the importance of cultural ecosystem services and their potential to motivate and mobilise public support for the protection of ecosystems. Carpenter et al. (2006) additionally mention that by paying attention to regulating ecosystem services, impact of extreme events can be moderated. For wild bees, increased attention to their cultural and regulating ecosystem services may further promote their conservation, especially with the reported declines over the past years (Biesmeijer et al. 2006; Cameron et al. 2011 ).
Wild bees in social contexts as a socio-ecological system
The drivers of change in wild bees-human systems show that resource management and sustainability problems are usually system problems where social and ecological systems are almost impossible to consider as separate entities (Berkes and Folke 2002; Rissman and Gillon 2016) . While humans depend on bees for ecosystem services, the bees also depend on humans for survival since most of the drivers of change in wild bees-human systems are mediated by anthropogenic activities. This apparent interdependence between bees and humans show that the wild bees-human system is an SES, which is characterised by connectedness, context, and feedback (von Bertalanffy 1968 as quoted in Berkes et al. 2003; Keune et al. 2014) .
In order to find ways of implementing sustainable practices, an understanding of what really drives the dynamics of societies in response to the ecosystems they depend on is needed (Scheffer et al. 2002) . Most drivers of change caused by anthropogenic activities cause wild bees to be marginalised within the SES. Callo-Concha et al. (2014) discussed marginality (sic) in SES; however, it mostly focused on how social marginalisation occurs due to ecological variables or ecosystem settings such as degraded soils inhibiting the wellbeing of people. We suggest that human-induced marginalisation may also happen to ecosystems and its components. In this review, human-induced marginalisation of wild bees is not just a product of overexploitation of wild bees and their hive products, but also of disregard for them and the conditions they thrive in. Marginalisation of wild bees may, therefore, be a product of human activity on the one hand and lack of human action on the other hand.
CONCLUSION
Our review establishes the current state of knowledge on wild bee-human interaction. We have chanced upon gaps in both research and praxis and we deem it important to address these. References to systems of governance (regulations or institutions) for wild bee-human systems are lacking in the publications we have reviewed. The International Pollinators Initiative (IPI), formally established in 2002 by the Convention of Biological Diversity, mostly focuses on bee interaction with agricultural landscapes and on one ecosystem service (regulating) in Africa, North America, and Oceania. Asia and Latin America, where most drivers of change also occur, should also be included in the IPI. Commitment is needed from governments and society to support the development of a stronger collaboration among researchers, policy makers, practitioners, and citizen stakeholders in order to advance sustainability (Fischer et al. 2015) . In the field of research, our results show that wild bee publications in social contexts are still mostly confined within the fields of ecology or anthropology. Interdisciplinary and transdisciplinary approaches are still needed to make studies integrative and to promote coproduction of knowledge with stakeholders. If studies are to help the wild bee-human system, the drivers of change especially in developing countries should be addressed in a manner that minimises trade-offs between ecosystem services and maintains or improves well-being.
